INTRODUCTION
Bone is a natural composite assemble, with a gradient structure going from a loose interconnected cellular core to an outer dense wall, thus minimizing bone weight while keeping a high mechanical resistance. Bone is generally classified into 2 types: cortical bone, also referred to as compact bone, and trabecular bone, also referred to as cancellous and spongy bone. Cortical bone, found primarily in the shaft of long bones and as the outer shell around cancellous bone, is much denser, with a porosity of 5%-10% (1) . Trabecular bone, found in the epiphysis of long bones, in vertebrae, and in flat bones such as the pelvis, is much more porous, with porosity in the range 50%-90% (2) . The mechanical properties of bone vary between individuals, from one bone to another, and within different zones in the same bone.
Due to its exclusive and complex structure, bone defects are difficult to repair. Autografts (obtained from the patient) and allografts (from a bank), either in combination with synthetics (biomaterials) or not are used most often for bone substitution, although they have specific drawbacks. Allograft risks of immune rejection and patho-
MATERIALS AND METHODS

Calcium phosphate scaffold preparation and characterization
Five different types of cylindrical Ca/P scaffolds (8 mm diameter and 12 mm length) ( Fig. 1) were prepared by the slip casting process (European Patent Application: EP 1 411 035 A2). The hydroxyapatite (HA) powders and carbonated hydroxyapatite (CHA) were produced in the laboratory, with an average particle size of 0.7-2 µm and a surface area of 2-8 m 2 /g; the powders were used to prepare an HA (or CHA) slurry with a viscosity in the range between 25,000 mPa·s and 28,000 mPa·s. The porosity was achieved by adding to the slurry a surfactant agent; the slurry after homogenizing was poured into a mold and dried at room temperature. The green cakes thus obtained were then sintered at 600°C-1,250°C for 1-2 hours in air or CO 2 atmosphere. After sintering, the samples were physically cut into any desired shape (9, 10) .
Small cylinders of cortical veal femur bone and trabecular veal femoral head bone samples with dimensions of 8-mm diameter and 12-mm length were taken out through an helical profile-milling operation (Fig. 2 ) in a milling machine. Cortical samples were extracted from a zone close to the femoral head.
Samples analysis
The morphology of each sample was observed by scanning electron microscopy (SEM); this technique was tabolites out from, the cell/scaffold constructs. The scaffolds should have adequate mechanical stability to provide a suitable environment for new bone tissue formation. Furthermore, the scaffold should have suitable surface chemistry for bone cell adhesion and function.
Bone graft materials based on calcium phosphates are widely used for filling bone defects in reconstructive surgery. Many of them mainly consist of hydroxyapatite, which is the main inorganic component of bone matrix (7) . Many studies have reported that porous hydroxyapatite (HA; Ca 10 (PO 4 ) 6 (OH) 2 ) ceramics meet most of the above criteria. This material is considered highly biocompatible due to its chemical and structural similarity to the mineral part of natural bone and its capacity to stimulate natural bone repair (osteoconductive ability). Apart from being biocompatible, it can be resorbed in the tissues, it is highly resistant to stress forces, nontoxic, and noncarcinogenic. HA is a bioactive ceramic with a molecular structure analogous to that of human bone, dentin, and enamel. It is composed of 58% calcium and phosphates in the form of submicroscopic crystallites. Its Ca/P ratio is 1.67:1 compared with 1.77:1 of natural bone. It has marked osteoconductive and osteoinductive properties.
It has been recognized that pore structure is one of the decisive factors affecting the biological function of scaffolds (8) . To imitate the porous structure of spongy (trabecular) bone, different techniques have been developed. 
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where β is the width of the peak at half maximum intensity of a specific phase in radians, K is a constant that varies with the method of taking the breadth (0.89<K<1), λ is the wavelength, θ is the center angle of the peak, and τ is the crystallite length.
The mechanical behavior of all samples in compressive loading was determined using a universal testing machine (Instron Model 3369) with 50 kN load cell until failure applying a compression load of 60 N/min. Samples were prepared paying special attention to obtaining parallel surfaces perpendicular to the testing direction. The average elastic modulus and the average compression behavior of samples were assessed determining an average compression or elastic modulus (E) and an average compressive strength (σ).
Each sample was placed in the bottom of the testing zone; the upper device was lowered, applying an increasing load on the sample, until it broke down. The sample deformation and the load were recorded during the test. For each sample, 3 to 5 specimens were tested.
RESULTS
X-ray diffraction analysis
XRD analysis confirmed the presence of a single phase in all the samples (Fig. 3 ). According to the PDF2 database, this phase is an apatite whose general chemical formula is Ca 5 (PO 4 ) 3 X (X=OH, F, Cl). This is a hexagonal compound that permits partial substitution of the phosphate groups by carbonate ones (14, 15) . Despite the impossibility of identifying X in the apatites by XRD means, all used for the evaluation of both macrostructures and microstructures (11), using a Jeol JSM-5600LV microscope. Samples were placed in a small chamber in a vacuum. No conductive coating was applied. Energy dispersive X-ray spectroscopy analysis (EDS) was carried out by means of a Link ISIS Series 300 microanalysis system.
The 5 synthetic scaffolds and 2 veal bone samples were finely ground for X-ray diffraction (XRD) analysis. XRD data collection was carried out on a PHILIPS PW1710 powder diffractometer with Cu-Kα radiation in steps of 0.02º over the 5º-70º 2θ-angular range and a fixed-time counting of 1 second at 25ºC. The collected data were analyzed with PANanlytical X´pert HighScore (specific software) in combination with a PDF2 (ICDD) database.
The crystallinity of the samples was calculated by means of the Scherrer equation (12) (Eq. 1). This method relates the full width at half maximum (FWHM) of diffraction maxima with the average size of the crystallites (expressed as the τ length). This is a valid method for crystallite sizes lower than 1 µm: i.e., on the condition that FWHM is much larger than the instrumental width (βins). For the determination of the peak width in the samples (βobs), EVA software was used (DiffracPLUS) using the full pattern matching (FPM) mode. Toward this aim, a FPM model was previously created, and βins was established using a SiO 2 -quartz pattern sample. In this way, FWHM=0.134º2θ was obtained at the 30º2θ theoretical diffraction maximum. After correcting the XRD diagrams of the samples for a value of 1º in the aperture of the fixed-divergence slit, FPM Eval mode was applied on the above- II). As observed, there were small differences between the samples. The theoretical weight composition of the hexagonal Ca 5 (PO 4 ) 3 (OH) is Ca 39.0%, O 41%, P 18.5%, and H 0.2%. Therefore, all of the samples exhibited less P and Ca, and more O than the HA, which is in accordance with the existence of C and other elements. The presence of Na in AUT-CHA02-B025 is consistent with its high amount of C. In relation to the Ca/P proportion, it must be said that AUT-HA-B001 and AUT-HA-B1280 showed values close to the stoichiometric molar relation of 1.67, while the other 3 samples exhibited values of 1.53. Therefore, AUT-HA-B010, AUT-HA-FINB, and AUT-CHA02-B025 could be described as calcium-deficient apatites.
Pore size distribution
SEM examination of the scaffolds revealed random distribution of the macrostructure. It should be pointed out that the interconnection between the macropores was apparent (Fig. 4 ). The scaffold referenced as AUT-HA-FINB exhibited a more irregular surface than the other scaffolds, which had a similar appearance and regular pore size distribution. Table III summarizes the average pore sizes for the 5 synthetic samples. As observed, 884Å, α=β=90º, γ=120º) . Analysis of the crystallinity of the samples is summarized in Table I . As can be seen, both samples extracted from veal bones exhibited poor crystallinity, as expected from the typical disorder characterizing this type of inorganic tissues. On the other hand, there are some aspects related to the crystallinity of the scaffolds that must be remarked on. Thus, AUT-CHA02-B025 was the least crystalline sample. The latter is in accordance with the fact that AUT-CHA02-B025 is a partially carbonated HA, as this introduces disorder into the crystallographic lattice. Although AUT-HA-B010 was the most crystalline, it must be noticed that the values of τ for AUT-HA-B001 and AUT-HA-B1280 were quite similar to those for AUT-HA-B010 when using β W .
Chemical composition
The chemical compositions of the samples were determined by means of semiquantitative EDS analysis (Tab. the standard deviations were very high -as corresponds to the wide range of sizes observed in the SEM micrographs.
The effect of macropore size on bone formation has previously been investigated. Some authors suggest that larger pores are better for bone in-growth, but 100-600 µm randomly distributed pores of the ceramic are also good for bone growth, while the minimum pore size was limited to 50-100 µm (18) (19) (20) . The micropores in the macropore surfaces greatly increase the surface area of the graft for protein adsorption. More proteins can be adsorbed on the pore surfaces, and the more easily formed apatite layer might facilitate bone formation; the larger surface area can also facilitate ion exchange and bone-like apatite surface formation by dissolution and re-precipitation processes (21) . The interconnected micropores can also provide a suitable microenvironment for cell differentiation and bone matrix deposition. The profiles provided by micropores may make osteoinduction occur easily in porous calcium phosphate ceramics with macropores and micropores (22, 23) .
Pore size in all of these was within the range that would ensure a healthy growth of bone ( Fig. 4 ).
Compression tests
The results obtained with the Instron 3369 testing machine in terms of compressive strength and elastic modulus are presented in Table IV and Figure 5 . In general, the higher the compressive strength, the higher the elastic modulus, except for in trabecular samples.
In cortical stress-strain curves (Fig. 5a ), some artefacts 
DISCUSSION
By EDS, it was found that all of the scaffolds were composed of the same elements (C, O, Mg, P, and Ca) with similar percentages, except AUT-HA-B001, AUT-HA-B1280, and AUT-CHA02-B025, which had some small variations in their composition. SEM revealed a random distribution in all scaffolds and a good interconnection between the macropores. The pore size in all of the scaffolds was adequate for ensuring healthy bone growth.
It can be observed that the elastic modulus of the analyzed porous HA scaffolds was of the same order as that of trabecular bone, due to the high dispersion obtained with the latter. However, compressive strength of trabecular samples was much higher than that of scaffolds because of the fragility of synthetic cylinders. The samples referenced as AUT-HA-B1280 and AUT-HA-FINB were the most compression-resistant materials, withstanding a maximum compression load of around 4 and 3.2 MPa, respectively. The worst behavior was shown by the most porous materials: the samples AUT-HA-B010 and AUT-CHA02-B025.
can be observed at the end of each graph, due to the fact that the sample reaches its maximum permissible stress, and it breaks, causing a significant loss of stress. At the beginning of the curves, there are some values next to 0 MPa which correspond to the adjustment so that the equipment is completely in contact with the specimen and applies the load perfectly. These values should not be considered. In Figure 5b , the same happens, but in this case, the curves are more irregular due to the structural complexity of this kind of sample. These initial values also should not be taken into account.
Samples based on HA ceramics showed a clear brittle compression behavior; no significant deformation was observed until the failure. The samples referenced as AUT-HA-B1280 and AUT-HA-FINB were the most compression-resistant materials, withstanding a maximum compressive strength of around 4 and 3.2 MPa, respectively. The worst behavior was shown by the AUT-HA-B010 and AUT-CHA02-B025 samples. Thus, behavior correlated directly with porosity: the higher the porosity, the lower the compressive strength.
Compressive strength of natural samples is much higher than that of synthetic substitutes. In the case of trabecular bones, the elastic modulus is in the same range as that of scaffolds.
The compressive strength and the elastic modulus of cortical bone were determined in the direction parallel to the axis of orientation (long axis), giving values in the range of about 103-117 MPa and 3.5-4.9 GPa, respectively. These low values in comparison with the bibliographical data can be explained by the fact that the specimens have been extracted from a zone close to femoral head, where the elastic modulus is lower (24) . A wide range was determined for the compressive strength (11-39.5 MPa) and elastic modulus (0.1-1.5 GPa) of trabecular bones. 
